gonadal dysgenesis; phenotype; Turner's syndrome Isodicentric X chromosomes in general have phenotypes characteristic of the resultant X deletions. Gonadotropin levels in Turner's syndrome (TS) girls are high, but have a normal biphasic pattern. Here, we report a 21-year-old lady with primary amenorrhea. Clinical examination revealed a short neck but no other typical stigmata of Turner's syndrome. The levels of gonadotropin were not raised to post-menopausal levels. A chromosome study showed a 45,X/ 46,X,idic(X)(q22) karyotype. She was diagnosed as having Turner's syndrome.
Introduction
Turner's syndrome (TS) results from whole or partial monosomy of the X chromosome and is mediated by haploinsufficiency of genes that normally escape X-inactivation. Half of all TS patients have the karyotype of 45,X. Mosaicism for a normal 46,XX cell population occurs in approximately 15% of girls with TS. 1 The major clinical findings in TS patients include short stature, pre-pubertal ovarian failure leading to the absence of secondary sexual characteristics and infertility and also craniofacial abnormalities which include high arched palate, low posterior hairline and low set ears. 2, 3 Most girls with TS receive the diagnosis in mid-childhood when investigating short stature. Patients with isodicentric X with Xq deletions are phenotypically very different from those with isodicentric X with Xp deletion, which can be associated with Turner's syndrome stigmata. Gonadotropins have been reported to be elevated in the majority of these girls with TS, because of gonadal dysgenesis.
Here, we report a 21-year-old lady with gonadal dysgenesis and normal stature whose karyotype is 45,X/ 46,X,idic(X)(q22).
Case report
An otherwise healthy, 21-year-old lady, was admitted because of primary amenorrhea. She was the healthy product of an uncomplicated term pregnancy, born to a 25-year-old mother and a 29-year-old father. As far as is known, there was no family history of anosmia and delayed sexual development. Her academic performance ranked in the middle of her class. She had a brother aged 23, who was of normal development.
Rapid weight gain, with a rate of more than 5 kg/ semester, was noted when she was a junior high school student. She had a good appetite, without polydipsia. Breast development had occurred at the age of 16, but she could not recall the exact time when pubic hair grew initially. There was no cold or heat intolerance, galactorrhea, headache, or anosmia.
On examination, her vital signs were normal. Her weight was 94.8 kg, height 157.7 cm, and body-mass index (the weight in kg divided by the square of the height in m) was 38.1. She had a short neck and acanthosis nigricans. Breasts and external genitalia were consistent with Tanner stage III development (Fig. 1) . The remainder of the examination was unremarkable. A pelvic ultrasound examination revealed a small uterus and ovaries.
Endocrine studies showed an elevated folliclestimulating hormone (FSH) level (23.1 IU/L) and low estradiol (28.2 pg/mL) and progesterone (0.42 ng/mL) levels. The luteinizing hormone (LH) level of 9.18 IU/L and testosterone level of 0.716 ng/mL were within normal limits. The insulin-like growth factor I (IGF-1) level of 126 ng/mL was low. The levels of other pituitary hormones were within the normal ranges. A thyrotropin-releasing hormone (TRH) test revealed normal thyroid-stimulating hormone (TSH) and prolactin responses. A luteinizing hormone releasing hormone (LHRH) test showed an excessive LH response and delayed down-sloping of both FSH and LH levels ( Table 1) . Clomiphene challenge evoked no elevation of gonadotropin. Estradiol and progesterone did not respond to human chorionic gonadotropin (hCG) administration. The bone age was equal to chronologic age. Magnetic resonance image (MRI) revealed no morphological abnormality of the pituitary gland and hypothalamus. An analysis of 40 metaphase cells from short-term lymphocyte cultures showed 30 cells to have a 45,X chromosome pattern and 10 cells with a 46,X,idic(X) with deletions distal to Xq22 (46,X,idic(X)(q22)) chromosome complement (Fig. 2) . Her father presented with a normal karyotype. Her mother's karyotype was 45,X[8%]/46,XX[92%] (a total of 34 cells were examined). None of the parental karyotypes had this unbalanced aberration in the proband.
Discussion
Isodicentric X chromosomes are uncommon. The formation of isodicentric chromosomes presumably occurs by end-toend fusion of chromatids after a break, with subsequent loss of an acentric fragment. 4 Isodicentric X chromosomes in general have phenotypes characteristic of the resultant X deletions. The short statureehomeobox (SHOX ) gene, located in the region of Xp, is responsible for the skeletal features. 5 The lymphogenic gene for soft tissue and visceral stigmata has been assigned to the X-specific region in the middle part of Xp. 6 Therefore, loss of the short arm (Xp) results in short stature and the typical skeletal change of TS. On the other hand, the long arm (Xq) deletions confer primary or secondary ovarian failure, in part as a result of loss of premature ovarian failure (POF ) gene, located in the region of Xq. 5 Our patient, who has one X chromosome Figure 1 The patient has short neck, Tanner stage III breast development. containing complete duplication of Xp and a partial deletion of Xq, presents with primary amenorrhea, short neck, and hypoplastic gonads, without other typical stigmata of TS. This is probably due to the fact that, in spite of the presence of a 45, X cell line, the cells containing a second abnormal X chromosome had a positive effect on the phenotype. For this patient (and her parents), we only performed classic karyotyping with Giemsa (G-banding) and were therefore unable to investigate the issue of skewed X inactivation. Although it is very likely that the aberrant X chromosome is preferentially inactivated, 7 we would like to address that the most critical gene responsible for short stature in common Turner syndrome, SHOX, resides in the pseudoautosomal region of Xp and escapes X inactivation. 5 We reason, albeit without experimental proof, that for those cells with the 46,X,idic(X)(q22) karyotype, there are actually three active copies of SHOX. The combination of the triple dosage of SHOX gene caused the normal growth of our patient with the derivative X chromosome. The clinical picture of our patient resembles that of pure gonadal dysgenesis probably due to the missing part of the Xq.
There are at least 56 mega base pairs (Mb) and 740 genes in the deleted Xq region. The most studied gene in this region is the premature ovarian failure-1 (POF1) gene located at Xq26. 8 Correlations between other genes and Turner syndrome presentations are largely unexplored. Petkovic et al reported that a patient, whose karyotype is 45,X/46,X, psu idic(X)(q22.3), exhibited a clinical picture in striking contrast to that observed in our patient; she had moderate growth retardation. 9 There might be two explanations for the phenotypic difference between our case and the case presented by Petkovic et al. Firstly, Petkovic et al reported the break point at Xq22.3, but our resolution was not high enough and therefore we only reported Xq22 as the breakpoint. The whole Xq22 is a 10.4 Mb region containing more than 120 genes. It is possible that some critical genes might reside in this region and account for the phenotypic differences between these two cases. Secondly, in general, phenotypic predictions for any given case based on the karyotype are unreliable in Turner syndrome patients. 1 The predictions for patients with isodicentric X chromosomes have been among the most difficult, evidenced by the high variations of phenotypes in this kind of patients in several review papers.
6,10,11 Tsai et al (2006) reviewed nine patients with de novo 45,X/ 46,X,idic(Xq) reported in the literature. 12 Only seven patients have typical Turner stigmata. Most reported patients were ascertained at later ages due to reproductive concerns or atypical development of sexual characteristics.
Gonadal dysgenesis is a cardinal feature of TS. Gonadotropin has been reported to be elevated in the majority of these girls with TS because of gonadal dysgenesis. 13 The amplitudes of FSH and LH pulses are increased 14, 15 because negative feedback from estrogen is lacking. 16, 17 In this case, the levels of gonadotropin were not raised to postmenopausal levels. In the 1970s, Conte et al demonstrated that gonadotropin levels in TS girls are high, but have a normal biphasic pattern. 18 Their levels are increased during the first 2 years of life and then decline gradually. Between the fifth and 10 th year of age, gonadotropin levels are low, even in those with gonadal dysgenesis, indistinguishable from those in normal girls. Then, they rise to castrate levels around the usual age for puberty. Girls with X mosaicism had the lowest gonadotropin levels during puberty, particularly when bilateral ovaries were detected. 19 These authors concluded that gonadal function is not the primary determinant of the pattern of gonadotropin secretion from infancy through adolescence, but does affect the amounts of gonadotropin secreted. In patients with TS, ovarian volume was negatively correlated with LH and FSH values and this shows that even low estradiol levels can modulate the function of their pituitary-gonadal-axis as in normal patients. 20 Our report presents the patient with gonadal dysgenesis and normal stature whose karyotype is 45,X/ 46,X,idic(X)(q22). Although almost all patients of Turner's syndrome have somatic stigmata, the cytogenetic abnormality is more important for diagnosis than the Turner's phenotype in these patients. Turner syndrome patients with 45,X/46,X,idic(X) can have highly variable presentations, depending on the distribution of mosaic cells, chromosomal inactivation pattern, position effects, or the patient's age. Therefore, Turner syndrome should be considered in patients with amenorrhea in spite of no typical somatic stigmata. An isodicentric X chromosome with gonadal dysgenesis
